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INTRODUCTION 
A cooperative r egional r esearch proj ect entitled "The Nutritional 
Status and Dietary Needs of Popula tion Groups" was in progress in 
11 North Central States from 1946 to 1958 . One of the popula tion 
groups consisted of women who were 30 years of age or older. One 
phase of the biochemical m eas urem ents included the quantita tive de-
termination of the concentration of selected constituents in the blood. 
The results of the blood studies on the women who were subj ec ts for 
this regional r esearch proj ect are reported in this bulletin. 
When the investiga tion of nutritional status was begun in I 947, 
information about the quantita tive values for the blood constituents 
of h ealthy women was m eager. The standards for normal va lues which 
were given in the liter ature and textbooks then were chiefl y averages 
of reports from m an y sources with grea t va riat ion in the criteria _u sed 
for selecting the "normal" person. 
Mos t of the va lues h ad been obtained from hospital or office pa-
tients. For this r eason, regional research workers who were studying 
nutritional status believed that the determination of certa in blood 
constituents wo uld not only aid in the interpre tation of other nutri-
tion al data which th ey would be obtaining, but also wou ld contribute 
to the general information about these blood va lues in h ealthy women . 
T h e states which participated and the number o f women on whom 
the different blood m eas urem ents were m ade are listed in Table 1. All 
blood va lues were not determined for ever y subj ect and every cooperat-
ing state did not de termin e va lues for each of the different cons tituents 
repor ted h ere. 
PROCEDURE 
Description of Subjects 
It seems suitable to refer to the women who were subjects as "n or-
mal" or "h ealthy" in the customary use of the word as distinguished 
from women in poor health or under m edical trea tmen t for suspected 
or confirmed abnormalities or m alfun ctioning. 
T h e cri teria that each wom an met in order to become a subj ect 
included the fo llow ing: 
She was 30 years of age or older (the women ranged in age from 
30 to 92 years). · 
Sh e lived in or near the city in which th e Agricul tural Experimen t 
Sta tion an d the cooperating labora tory of h er state were located. 
Sh e was in ter ested in the study and cooperated in su ch a way that 
the resul ts could give a picture typical o f h er die tary h abits, blood 
values, and other as pects of h eal th. 
Sh e was in a pparen t good h ealth, experien cing a feeling of well-
being and free from observable signs of disease or malfunction. (In 
Illino is and Nebraska results of thoro ugh m edica l examina tio ns were 
u sed to substantia te th e selectio n .) 
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Table I. Blood constituents 
determined for healthy women in 6 North Central States. 
CONSTITUENT 
Hemoglobin 
R ed cells 
Leukocytes 
Total 
Differential 
Differential 
Serum protein 
Calcium 
Phosphorus 
Glucose 
Neutrophils 
Lymphocytes 
Monocytes 
Eosinophils 
Basophils 
Neutrophilis 
Segmented 
Band 
Metamyelocytes 
Number of women studied 
in each state 
Illinois 
Iowa 
Michigan 
Nebraska 
South Dakota 
Total 
Illinois 
Iowa 
Michigan 
Nebraska 
South Dakota 
Total 
Iowa 
Minnesota 
South Dakota 
Total 
Iowa 
Michigan 
Minnesota 
Nebraska 
South Dakota 
Total 
Nebraska 
South Dakota 
Total 
Illinois 
Iowa 
Nebraska 
South Dakota 
Total 
Nebraska 
Nebraska 
Nebraska 
94 
94 
101 
324 
85 
698 
94 
95 
15 
319 
85 
608 
93 
120 
85 
298 
82 
8 
120 
303 
85 
598 
303 
85 
388 
94 
59 
312 
52 
517 
281 
281 
239 
She was capable of assuming responsibility, consistent with her age, 
as a member of a household or as an employed person, or both. 
Additional information about the subjects is given in Table 2. In 
five of the six states most of the women or their husbands were in the 
business or professional class and their socio-economic status was above 
average. In Michigan, however, the women were from a sample se-
lected statistically to be a cross section of the area bounded by Lansing 
and East Lansing. There were only a few privileged women in this 
sample. 
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Table 2. Information about the subjects. 
Item 
Women studied 
Women who had had children 
Total number of children 
V.'omen who had reached the menopause 
Women who were full-time homemakers 
Women who were employed full-time outside the home 
v.,·omen who were employed part-time outside the home 
Number of 
women 
fl8 
676 
1,845 
.5 13 
652 
102 
64 
Percent 
82.6 
62.7 
80.0 
13.0 
7.8 
Hemoglobin values were determined for 698 subjects from 5 states. 
All of the subjects for whom red cell count, serum protein, leukocyte 
(except for the Minnesota subjects), calcium and phosphorus, and 
glucose values were determined were from this group of 698 women. 
In addition, 120 subjects from Minnesota were included in the study 
of leukocyte values. The number of women in each age decade will 
be indicated in the tables of results. 
The subjects came to the research laboratories in the morning for 
the blood tests. Usually this was on the same day that they came for 
their basal metabolism tests. Most of the tests were made in the fall, 
winter, or early spring months but the weeks around special holidays 
were avoided. 
The blood samples were taken for analysis before the subject had 
breakfast, except in the case of Illinois subjects. These women had 
a small breakfast of toast and jelly, black coffee and sugar after their 
basal metabolism test and immediately before the blood samples were 
taken. Illinois and Nebraska workers used venous blood for all of the 
measurements and the Iowa workers used it for serum protein. Mea-
surements made in the other states, or for other constituents in Iowa, 
were on capillary blood. Every precaution was taken in securing the 
blood samples to guarantee free flowing blood which was not diluted 
with tissue fluid from the finger prick, or stagnated in the vein by use 
of a tight tourniquet. 
METHODS 
Hemoglobin 
The cooperating laboratories had been determining hemoglobin 
values routinely for sometime prior to the beginning of this regional 
study. Each had a method that was standardized by determining the 
oxygen capacity of hemoglobin (1,29), and that gave reproducible 
results in the h ands of its trained personnel. For this reason, the work-
ers in the cooperating states decided that each laboratory should con-
tinue using its established method. The nature of the colored com-
pound which was developed from the hemoglobin and the intensity of 
which was measured in a photoelectric colorimeter, in the different 
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laboratories, together with the literature reference to the method are: 
Illinois 
Iowa 
Michigan 
Nebraska 
South Dakota 
Red Cells 
alkaline hematin 
oxyhemoglobin 
alkaline hematin 
oxyhemoglobin 
cyanm ethemoglo bin 
(25) 
(7) 
(30) 
(30) 
(32) 
For counting the erythrocytes cells two standardized pipets were 
prepared with properly diluted blood. Hayem's solution ( 12) was used 
as the diluting fluid by all the states except South Dakota where 
Gower's solution (4) was used. The cells in four chambers were 
counted. Two chambers of a Spencer Improved Neubauer counting 
chamber were filled from each pipet and the counts of the four cham-
bers were averaged and reported. 
Leukocytes 
Two or three standardized pipets were prepared from each subject's 
blood sample for determining the number of total leukocytes. The 
cells were counted in two chambers (Improved Neubauer) which had 
been filled from each pipet, and the four counts were averaged. 
Wright's stain (31) was used in all states for the relative differential 
leukocyte count except in Iowa where Field's stain (8) was used. Dupli-
cate slides were made and the number of cells counted varied as fol-
lows: Iowa 200, Michigan JOO, Minnesota 600, Nebraska 800, and 
South Dakota 400. 
The nomenclature and classification used for reporting the dif-
ferential counts followed the recommendations of the Committee for 
Clarification of the Nomenclature of Cells (6). 
Serum Protein 
Values for serum protein were determined by the falling drop 
densitometric method in Illinois and South Dakota (19) and Iowa (3). 
The conversion of density to serum protein values was checked by de-
termining the total nitrogen content of selected samples of serum (2). 
In Nebraska, serum protein was determined by analysis for total nitro-
gen by the K jeldahl method (2). 
Calcium and Phosphorus 
Calcium was determined by the method of Sandroy (28). This in-
cluded converting the calcium in the serum to the oxalate and titrating 
the oxalate with standardized potassium permanganate. 
Inorganic phosphate was determined in the serum colorimetrically 
using the method of Fiske and Subbarow (9) to form a phosphomo-
Iybdic acid which was then reduced to phosphomolybdous acid. The 
concentration of reduced acid was read in an electric colorimeter which 
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was standardized with solutions of a known concentration of potassium 
phosphate (15). 
Glucose Tolerance 
The method of Hoffman (16) was used for determining the amount 
of glucose in blood. A known amount of potassium ferricyanide was 
added to the protein-free blood filtrate and the portion that was not 
reduced by the glucose was measured in an electric colorimeter (15). 
Each subject came to the laboratory for the determination of basal 
metabolic rate, and following this a sample of fasting blood was drawn 
by venipuncture. Then the subject was given a solution of 100 gm of 
glucose dissolved in 250 ml of distilled water to drink. Venous blood 
samples were drawn ½ hour, 1 hour, and 2 hours after the ingestion of 
the glucose. Values were determined after 3 hours for some of the sub-
jects studied but values secured did not seem to contribute any more 
to the interpretation of the results than the 2 hour values. 
RESULTS 
Hemoglobin and Red Cells 
Values for the hemoglobin and red cell content of the blood of the 
women who were studied are summarized in Tables 3 and 4 respective-
ly. For each constituent the mean and standard deviation are given 
for the women in each age group in each of the 5 states, for all of the 
women in each state, for all of the women in each age group in the 5 
states, and for all of the women in all age groups in all of the states 
participating. 
An analysis of variance test revealed no significant differences in 
the hemoglobin and red cell values among the different states. 
Hemoglobin values for the 698 subjects ranged from 10.3 to 16.2 
grams per 100 milliliters of blood with a mean of 13.3 ± 0.95 gm. The 
frequency distribution curve of the individual values is shown in 
Figure 1. Sixty percent of the cases were between 13.0 and 14.0 gm per 
100 ml and 75 percent of them between 12.5 to 14.0 gm. 
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Figure 2. Distribution of red cell 
values of 608 women. 
Table 3. Mean hemoglobin values 
of women of different ages and living in 5 North Central States. 
Age group 
I I11inois Iow a I Michigan I Nebraska I 
South All 
Dakota states 
30-39 years 
No. subjects 30 18 62 12 122 
Mean gm / 100 ml 13.0 13.0 13.1 13.3 13. l 
S.D .1 .88 .95 .94 .63 .90 
40-49 years 
No. subjects 24 28 19 104 12 187 
Mean gm / JOO ml 13.0 13.5 13.2 13. 1 13.7 13.2 
S. D . .55 .78 .92 .89 1.28 .89 
50-59 yea rs 
No. subjects 12 24 30 102 21 189 
Mean gm / 100 ml 13.0 13.9 13.8 13.2 13.5 13.4 
S.D. .63 1.20 1.17 .85 .70 .97 
60-69 years 
No. subjects 20 12 24 43 13 l 12 
Mean gm / 100 ml 13 .3 13.9 14.0 13.4 13. 1 13.5 
S. D. .70 .68 I.I 9 .80 .66 .90 
70-79 years 
No. subjects 5 II 25 13 18 72 
Mean gm / 100 ml 13.0 13.9 13.7 13.4 13.4 13.5 
S.D. _gr, .66 1.04 .76 1.58 1.11 
80-92 years 
No. subjects 3 I 3 9 16 
Mean gm / JOO ml 13.6 12.2 13.7 I 3.4 13.4 
S.D. .45 .61 .9 1 .79 
All ages 
No. subjects 94 94 JOI 324 85 698 
Mean gm / 100 ml 13. l 13.6 13.7 13.2 13.4 13.3 
S. D. .73 .97 1.11 .87 1.03 .95 
1 Standard Deviation 
The red cell content of the blood of 608 subjects ranged from 3.3 
to 6.2 million per cubic millimeter with a mean of 4.68 ± 0.47 million. 
In Figure 2 the frequency distribution curve shows that 70 percent of 
the subjects had values between 4.3 and 4.9 million per cmm and 90 
percent between 4.5 and 5.2 million. 
The mean values for hemoglobin and red cells for all subjects in 
each age decade from the different states appeared to increase slightly 
with advancing age, from 13.1 to 13.5 gm per 100 ml for hemoglobin, 
and from 4.58 to 4.95 m per cmm for red cells. Application of Students 
"t" test showed no significant difference between these values. 
Iowa was the only state in which there was a significant difference 
among the age groups in the means for hemoglobin (F = 2.98) and for 
red blood cells (F = 3.00). Both values are significant at the 5 percent 
level of probability. The mean values for both hemoglobin and red 
cells for the 30-39 year group were significantly lower (5 percent level 
of probability) than for the older age groups, with the exception of the 
40 to 49 year group in the case of hemoglobin. 
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Table 4. Mean red cell values 
of women of different ages and living in 5 North Central States. 
Age group Illinois I Iowa I Michigan I Nebraska I South All Dakota states 
30-39 years 
No. subjects 30 17 60 12 119 
Mean m / cmm 4.53 4.65 4.53 4.89 4.58 
S.D. 1 0.39 0.45 0.37 0.54 0.42 
40-49 years 
No. subjects 24 29 I 103 12 169 
Mean m / cmm 4.48 4.95 4.30 4.51 5.07 4.62 
S. D. 0.40 0.39 0.33 0.59 0.43 
50-59 years 
No. subjects 12 24 8 100 21 165 
Mean m / cmm 4.43 5.09 4.77 4.57 4.88 4.68 
S.D. 0.26 0.53 0.70 0.36 0.43 0.46 
60-69 years 
No. subjects 20 12 4 42 13 91 
Mean m / cmm 4.51 4.89 5.03 4.63 .5.16 4.73 
S. D. 0.32 0.41 0.20 0.39 0.41 0.43 
70-79 years 
No. subjects 5 12 2 14 18 51 
Mean m / cmm 4.34 5.14 5.25 4.49 5. 11 4.88 
S.D. 0.34 0.35 0.63 0.45 0.87 0.69 
80-92 years 
No. subjects 3 I 9 13 
Mean m / cmm 4.33 4.30 5.22 4.95 
S.D. 0.39 0.52 0 .62 
All ages 
'lo. subjects 94 95 15 319 85 608 
Mean m / cmm 4.43 4.83 4.83 4.54 5.05 4.68 
S.D. 0.35 O.l2 0.51 0.38 0.56 0.47 
1 Standard Deviation 
Leukocytes 
Total leukocyte counts were made for 298 subjects in 3 states, and 
relative differential leukocytes for 598 subjects in 5 states. In 2 of 
these 5 states relative differential neutrophil values were determined 
for 388 women. All of the cell counts were made on fasting blood (no 
food for the previous 14-16 hours). Values for all subjects in each age 
group in the different states have been combined in these tables be-
cause of the wide range in the counts for each type of leukocyte and 
the large standard deviations for the means. There were no significant 
differences in leukocyte values among the means for the different age 
groups. 
Total Leukocytes 
The mean and standard deviation for the women in each age group 
are given in Table 5. The mean for the 298 subjects of all ages was 
6.40 ± l.64 thousand per cubic millimeter. The frequency distribution 
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Table 5. Total leukocyte values of 298 women.' 
Age group 
years 
30-39 
40-49 
50-59 
60-69 
i0-79 
80-97 
All subjects 
Number of 
subjects 
50 
61 
65 
44 
48 
30 
298 
1 In Iowa , Minnesota , and South Dakota. 
~ Standard Deviation. 
Leukocytes 
Mean S. D.' 
thousands per cmm 
6.68 1.73 
6.66 1.80 
6.04 1.38 
6.01 l.52 
621 l~l 
7.03 1.49 
6.40 1.64 
curve in Figure 3 indicates that 80 percent of the cases were between 
4.5 and 7.5 thousand per cmm. 
Differential Leukocytes 
The relative differential leukocyte values are given in Table 6 for 
each age group and for all subjects. The mean value for all age groups -
is 37.4 ± 9.83 percent for lymphocytes, 4.1 ± 3.77 percent for mono-
cytes, 55.7± 10.08 percent for neutrophils, 2.3 ± 2.25 percent for 
eosinophils, and 0.5 ± 0.63 percent for basophils. 
The relative differential neutrophil values of 388 women are given 
in Table 7 for each age group and for all age groups. The mean value 
for all age groups is 48.9 ± I 0.46 percent for segmented, 7 .0 ± 4.73 per-
cent for band, and 0.3 ± 1.24 for metamyelocytes. 
Serum Protein 
Serum protein values were determined for 517 subjects in 4 states. 
The mean and standard deviation are given in Table 8 for the women 
in each age group in each state, for all women in each age group, and 
for the 517 women studied. 
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Table 6. Relative differential leukocyte values in the blood of 598 women.' 
Number Lymp hocytes 
I 
M.onocytes Tota l Neutrophil s Eosinoph ils Basophils 
Age group of 
I I I I I su bject s Mean S. D .2 Mean S. D. Mean S. D. Mean S.D . Mean S. D . 
years % % % % % 
30-39 104 38.9 9.32 4.3 3.8i 53.5 9.33 2.7 2.49 0.6 0.66 
40-49 155 37A 9.88 3.4 3.05 56.6 10.25 2.1 2.09 0.4 0.62 
50-59 164 38.1 9.76 3.9 4.03 55.I 10.19 2.2 2.25 0.5 0.63 
60-69 84 37.6 10.56 3.9 3.66 55.6 10.81 2.2 2.49 0.6 0.64 
70-79 61 34.8 9.73 5.0 4.05 57. l 10.33 2.3 2.15 0.5 0 .56 
80-97 30 32.5 7.96 5.9 4.25 58.7 6.93 2.2 1.40 0.8 0.57 
All subjects 598 37.4 9.83 4.1 3.77 55.7 10.08 2.3 2.25 0.5 0.63 
1 In Iowa , Michigan, Minnesota, Nebraska, and South Dakota. 
2 Standard Deviation 
0 Table 7. Relative differential neutrophil values in the blood of 388 women.' 
Neutroph ils 
Number Tota l Seg n\ent cd 
I 
Band M c tam yelocytcs Age gro up of 
subjects 
I I !\·l ea n s. 1),2 Mean s . .D. l\1l ea n S. D. i\lca n S. D. 
years % % % % 
30-39 67 53.9 9.33 46.0 8.93 7.7 5.29 0.3 1.00 
40-49 109 56.7 J0.85 49.8 11.14 6.6 4.22 0.3 1.09 
50-59 11 7 !i6.2 10.8.'i 48.!i 10.17 7.!i 4.70 0.2 0.81 
60-69 :,:, !i6.!i 11 .12 49. 1 I0.9!i 7.1 4.68 0.3 0.96 
70-79 31 !i8.4 Y.20 52.3 10.9 1 5.2 4.2 1 0 .9 2.62 
80-92 9 58.5 4.67 51.8 8.04 5. 1 7.0 1 1.7 2 .1 3 
All subjects 388 56.2 10.43 48.9 10.46 7.0 4.73 0.3 1.24 
1 In Nebraska and South Dakota. 
2 Standard Deviation . 
The range in values was from 5.3 to 8.7 grams per 100 milliliters 
of blood serum and the mean was 6.71 ± 0.61 gm. The distribution 
curve of the cases is shown in Figure 4. Sixty-five percent of the subjects 
had values between 6.0 and 7.5 gm per 100 ml. 
The mean values for serum protein were similar for the subjects in 
each age group. 
Calcium and Phosphorus 
The calcium and inorganic phosphorus content of the blood serum 
of 281 women studied in Nebraska is shown for each age group and 
for all ages in Table 9. 
Values for calcium ranged from 6.5 to 14.9 mg per 100 ml with a 
mean of 10.9 ± 1.73 mg. The distribution of cases is shown in Figure 
5. Sixty percent of the cases were between 9.5 and 11.5 mg per 100 ml, 
and 84 percent were between 8.5 and 12.5 mg per 100 ml. There was 
no significant difference among the mean values for the different age 
decades from 30 to 80. 
Table 8. Mean serum protein values 
o( women o( different ages and living in 5 North Central States. 
Age group 
30-39 years 
No. subjects 
Mean gm / 100 ml 
S. D.1 
40-49 years 
No. subjects 
Mean gm / 100 ml 
S.D. 
50-59 years 
No. subjects 
Mean gm / 100 ml 
S.D. 
60-69 years 
No. subjects 
Mean gm / 100 ml 
S.D. 
70-79 years 
No. subjects 
Mean gm / 100 ml 
S.D. 
80-92 years 
No. subjects 
Mean gm / 100 ml 
S.D. 
All ages 
No. subjects 
Mean gm / 100 ml 
S. D. 
~ Standard Deviation 
Illinois I 
30 
7.1 
0.86 
24 
7.1 
0.65 
12 
7.4 
0.77 
20 
7.0 
0.67 
5 
7.4 
1.46 
3 
6.9 
0.86 
94 
7.1 
0.88 
Iowa 
12 
6.4 
0.39 
16 
6.5 
0.24 
14 
6.5 
0.49 
8 
6.7 
0.45 
8 
6.5 
0.28 
I 
7.2 
59 
6.6 
0 .37 
11 
I Michigan I Nebraska I 
61 
6.7 
0.48 
97 
6.7 
0.43 
98 
6.8 
0.55 
43 
6.7 
0.41 
13 
6.8 
0.38 
312 
6.7 
0.45 
South 
Dakota 
9 
6.0 
0.39 
8 
5.9 
0.08 
12 
6.0 
0.34 
7 
6.0 
0.58 
11 
6.0 
0.55 
5 
6.0 
0.29 
52 
6.0 
0.37 
All 
states 
112 
6.7 
0.66 
145 
6.7 
0.52 
136 
6.8 
0.63 
78 
6.7 
0.55 
37 
6.6 
0.77 
9 
6.4 
0.69 
5 17 
6.7 
0.61 
Table 9. Calcium and inorganic phosphorus content 
of the blood serum of 281 women.1 
Number of I Calcium Phosphorus Age group 
subjects Mean s. D. 2 Mean S. D. 
years mg/ 100 ml mg _/ 100 ml 
30-39 42 10.8 1.53 3.8 0.53 
40-49 90 10.7 1.85 3.4 0.49 
50-59 95 11.0 1.71 3.8 0.49 
60-69 42 11.0 l.78 3.7 0.35 
70-79 12 10.6 l.80 3.5 0.45 
All subjects 281 10.9 l.73 3.7 0.50 
1 In Nebraska . 
2 Standard Deviation . 
The inorganic phosphorus content of serum for women in all 
decades studied ranged from 2.4 to 5.1 mg phosphorus per 100 ml with 
a mean of 3.7 ± 0.50 mg per IOO ml. Figure 6 shows that 85 percent of 
the subjects had values between 3.2 and 4.2 mg per IOO ml. The mean 
for the women in the 40 to 49 year age group was significantly lower 
than the mean for the 30-39 year group (F = 3.78) and for the 50 to 
59 year group (F = 5.14). 
Glucose 
Glucose tolerance was determined for 239 of the women studied in 
Nebraska. The values for the glucose content of the fasting blood, in 
the morning before the women had any food, and before they were 
given the dose of glucose, are presented in Table IO for each age group 
and for all ages. The means for the different ages ranged from 98 to 101 
mg per I 00 ml. There was no significant difference between age groups. 
The average for all subjects was 98 ± 16 mg per JOO ml. The frequency 
distribution is shown in Figure 7. 
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fable 10. Glucose in fasting blood of 239 women.' 
Age group 
years 
30-39 
40-49 
50-59 
60-69 
70 and over 
All subjects 
1 In Nebraska. 
2 Standard Deviation. 
Number of 
subj ects 
39 
69 
82 
40 
9 
239 
G lucose in fasting blood 
Mean s. 0.2 
mg per 100 ml 
99 18 
98 16 
98 15 
IOI 16 
101 18 
98 16 
The responses of these women to the oral ingestion of 100 gm 
glucose were classified on the basis of the blood level of glucose prior 
to and two hours after the dose. The criteria for the sorting are de-
scribed in the first column of Table I I and in general are those of 
Moyer and Womack (24). The mean values for each time period are 
given in Table I I and charted in Figure 8. 
Moyer and Womack consider that fasting blood sugar values above 
120 mg per 100 ml and values above 140 mg 2 hours after ingestion of 
glucose "should be taken to be diabetic," and that 2-hour values be-
tween J 2.S and 140 mg per 100 ml are "presumptively diabetic until 
proven otherwise." 
There were 41 subjects who had 2-hour blood values above 140 mg 
glucose per 100 ml blood. Of these, however, only 7 had fasting values 
above J 20 mg and they were the on ly women in whom the condition 
of diabetes was confirmed by subsequent tests by their physicians. No 
cases were considered severe. Four of the women were over 60 years of 
age. 
Table 11. Response of 239 women to the glucose tolerance test.1 
Cri teria for grouping Subjects G lucose-mg per 100 ml (rng % ) 
I 
I 
After oral dose of I 00 gm g lu cose 
Fasting 2 ho ur No. I% Fasting I I mg % m g % ½ hr. I hr. 2 hr. 
Mean SD 2 Mean SD Mean SD Mean SD 
Normal Normal 
Below 120 Below 125 155 65 94 14 135 32 124 37 98 18 
Normal Borderline 
Below 120 Between 125-140 31 13 102 12 151 12 152 32 132 4 
Norma l High 
Below 120 Above 140 34 14 103 13 161 35 175 34 170 31 
High 
Above 120 Be low 140 12 5 126 4 185 43 169 46 124 10 
High High 
Above 120 Above 140 7 3 129 4 207 51 227 37 206 47 
1 In Nebraska. 
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of 239 women. 
Of the 155 women who had normal fasting and 2-hour values, the 
response of 66 could be described as a "flat curve" by the criteria of 
Mosenthal (23) and Hofstatter (16). The criteria include a fasting 
value of less than 120 mg per JOO ml, a maximum rise of less than 40 
mg from the fasting value, and a drop at the end of the first or second 
hour to no lower than 75 mg. The mean values for these subjects are 
shown in Table 12. Fifteen of these subjects were in the 30 to 39 year 
age group, 22 were in the 40 to 49 year group, 23 in the 50 to 59 year 
group, and 6 were over 60 years of age. 
DISCUSSION 
The chief purpose of measuring the constituents of blood reported 
m this bulletin was to contribute information on blood values in 
Table 12. Blood glucose values of 66 women with a flat glucose tolerance curve.' 
Time 
Fasting 
After oral dose of JOO gm glucose: 
½ hour 
I hour 
2 hour 
3 hour3 
Glucose-mg per 100 ml 
Mea n 
96 
115 
109 
99 
87 
S. D. 2 
16 
25 
22 
22 
21 
1 A sub-group of the 155 subjects shown in Table 10 with fa1Hing values below 120 rug a nd 2 h ou r 
values below 125 mg per JOO ml. 
2 Standard Deviation . 
3 Only 46 of I.he 66 women had values determined at th e e nd of 1he 3rd hour. 
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"healthy" or "normal" women. Discussion will be limited, therefore, 
to comparison of the results obtained with recent reports in the litera-
ture and with values considered to be "normal" or "standard" and in 
general u se in hematology. Such values have been selected from two 
sources for comparison with the results secured in this study; one 
source was "Textbook of Medicine" by Cecil and Loeb (5) and the 
other "Standard Values in Blood" edited by Albritton (I). Of the 
studies selected from the literature, one reported by Gillum and h er 
associates (10,11,22) from California is the most comparable to this one 
which was made in the North Central states. Both studies were phases 
of regional cooperative studies of nutrition a l status and similar in 
scop e, purpose, and m ethodology. 
Wherever possible the 95 percent range is given which omits the 
lowest and highest 2.5 percent of the values, assuming a normal dis-
tribution. This is calculated as the m ean plus or minus two standard 
deviations. 
Values for hemoglobin and red cell counts are listed in Tables 13 
and 14, r espectively. The mean of 13.4 gm hemoglobin per JOO ml 
blood reported by Gillum and Morgan (10) for women 50 to 80 years 
of age and over is closest to the mean of 13.3 gm secured in the present 
study. Their full range of 8.4 to 20.0 gm per 100 ml blood, however, is 
greater than the 9.5 to 17.0 gm found in the present study. When Haw-
kins et al (13) reported results of their study in Halifax, they included 
a summary of the h emoglobin values which have been reported, mostly 
within the last 10 years, particularly from Canada, the United States 
and Great Britain. In the summary the means for women in different 
age groups from 17 to 86 years ranged from 12.5 to 13.8 gm hemoglobin 
per 100 ml blood. 
Judy and Price (18) recently have reviewed and evaluated standards 
for hemoglobin and red cell counts and presented results secured on 
663 healthy women. Their results, which show no difference in values 
for different age groups, are significantly lower than the standards 
Table 13. Hemoglobin values for women reported in the recent literature. 
Source 
This study 
Gi llum and Morgan (10) 
Judy and Price (18) 
H awkins et al (13) 
Mirone (21) 
Albritton ( l ) 
Cecil and Loeb (5) 
1 Average age of group. 
No. Age 
subjects 
yea rs 
698 30-92 
296 50-80 
and over 
663 11-69 
326 21-94 
396 27 1 
"standard" 
" normal" 
15 
H ellloglobin 
Mean I 95 % R ange 
gm per 100 ml blood 
13.3 11.4 - 15.2 
13.4 8.4 - 20.0 (full range) 
12.55 
13.0 
13.99 
13.9 
10.2 - 14.8 
10.4 - 15.6 
10.39 - 16.83 
11.5 - 16.0 
12.8 - 15.2 
Table 14. Red cell counts for women reported in the recent literature. 
Source 
This study 
Judy and Price (18) 
Albritton (I) 
Cecil and Loeb (5) 
I No. subjects Age 
608 30-92 
663 11-69 
"standard " 
" normal" 
Red blood cells 
Mean 95 % Range 
millions per cmm blood 
4.68 3.74 - 5.62 
4.37 3.81 - 5.03 
4.8 4.2 - 5.4 
4 .2 - 5.5 
quoted as normal by hematologists and textbooks. They stress the need 
for standards based on an adequate sampling of normal subjects and 
point out the futility in medical practice of striving for blood values 
higher than normal or average. 
The averages of 12.55 ± I.IS gm hemoglobin per IOO ml and 4.37 ± 
0.282 million red cells per cmm that are suggested as reference figures 
by Judy and Price are somewhat lower than the 13.3 ± 0.95 and 4.68 ± 
0.47 reported in the present study. The criteria used by Judy and Price 
for normal women, however, included more detailed medical histories 
and clinical evaluations than those used in choosing subjects for this 
present,study of nutritional status. 
Additional evidence of the lack of change in hemoglobin concentra-
tion and red cell count from early to late adulthood is found in the 
comparison of the values for the women 30 to 92 years of age in 6 
North Central States with those of college women 16 to 30 yea rs o f age 
in the same region reported by Ohlson et al (26): 
Leukocytes 
Hemoglobin-gm per IOO ml 
698 women in this study 
4550 college women 
Red blood cells-m per cmm 
608 women in this study 
1792 college women 
13.3 ± 0.95 
13.4 ± l.l6 
4.68 ± 0.47 
4.56 ± 0.38 
The total and differential leukocyte values obtained in this study 
are compared in Table 15 with those given in Albritton (I) and in the 
medical textbook by Cecil and Loeb (5). The mean values for the dif-
ferential values found for the women in this study were near the values 
given by Albritton and within the ranges given by Cecil and Loeb (5) 
but the range in values was somewhat greater. 
Serum Protein 
The values for serum protein are compared in Table 16. Those 
found in this study and the similar study of Morgan et al (22) in Cali-
fornia are at the lower edge of the range of normal values given in 
Albritton (1) and in Cecil and Loeb (5) and definitely lower than the 
values reported by Josephson and Dahlberg (17). 
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Table 15. Comparison of total and differential leukocyte val}'es of women. 
Total leukocytes 
thousands per cmm 
Differential % 
Neutrophils 
Lymphocytes 
Monocytes 
Eosinophils 
Basophils 
1 Standard Deviation. 
This study 
Mean S.D .1 
6.4 ± 1.6' 
55.7 ± JO.I 
37.4 ± 9.8 
4.1 ± 3.8 
2.3 ± 2.3 
0.5 ± 0.6 
I Albritton ( I) I Cecil and Loeb (5J 
7 .4 4.5-11.0 
59 
34 
4.0 
2 .7 
0.5 
5-JO 
50-65 
25-35 
4-10 
0.5-4 
0-2 
Table 16. Comparison of blood values for serum protein of women. 
Source 
This study 
Morgan et al (22) 
Josephson and 
Dahlberg (17) 
Albritton (I) 
Cecil and Loeb (5) 
No. 
women 
Age 
years 
517 30-92 
294 50-80+ 
141 Under 50 
54 Over 70 
"standard" 
" normal " 
Calcium and Phosphorus 
Mean 
6.7 
6.44 
7.96 
7.90 
7.2 
Serum protein 
95 % Range 
gm per JOO ml 
5.5 - 7.9 
5.2 - 7 .7 (full range) 
6.88 - 9 .04 
6.98 - 8.82 
6.5 -7.9 
6.5 -8.0 
Figures in Table 17 indicate that the mean serum calcium and 
phosphorus values for 281 women in this study are similar to those re-
ported by Josephson and Dahlberg (17) for women under 50 years and 
over 70 years of age. The ranges for both calcium and phosphorus are 
somewhat greater than in the standards listed. Josephson and Dahlberg 
found that age had no appreciable effect on the calcium values of the 
serum but that there was a significant lowering in the serum phos-
phorus values with advancing age and a reduction in variability. Such 
a lowering was not apparent in the values for the women in this study. 
Table 17. Comparison of calcium and phosphorus values in serum of women. 
Source I No. I women Age 
This study 
Josephson and 
Dahlberg (17) 
Albritton ( I) 
Cecil and Loeb (5) 
years 
281 30-79 
141 Under 50 
54 Over 70 
"standard " 
"normal " 
Calcium I 
Mean I 95% Range 
17 
J0.9 
11.0 
11.2 
10.4 
mg per 
7.4-14.4 
9.4-12.5 
9.4-12.8 
8-11 
9-11 
Phosphorus 
M ean I 95% Range 
100 ml 
3.7 
3.6 
3.0 
2.9 
2.7-4.7 
2.2-5.1 
2.1-3.9 
2. 1-3.8 
3.0-4.5 
Glucose 
The test of glucose tolerance revealed seven cases of diabetes (none 
considered severe by the physicians) which had not been detected pre-
viously. The prevalence of 3 percent in this group of 239 "healthy" 
women 30 years of age and older probably is not out of line with the 
figure of 1.7 percent given in the U. S. Public Health Service Re-
ports (33) for the entire population of the USA. 
The incidence of a flat glucose tolerance curve was also higher than 
expected-28 percent among the women studied as compared with 
7 percent reported by Marshall (20) among elderly men, and IO per-
cent reported by Hofstatter (16) among elderly men and women. 
Mosenthal (23) considered that the flat curve indicated an increased 
sugar tolerance and that it was not commonly encountered among nor-
mal individuals. Marshall, however, has attributed a flat curve to a 
deficient absorption of glucose which in turn might be due to a 
diminished motility of the stomach, atrophy of the intestinal mucosa, 
or destruction of large amounts of glucose by intestinal bacteria. 
Gillum et al ( 11) determined the glucose content of the blood two 
hours after a carbohydrate meal in 229 "supposedly healthy" women 
over 50 years of age. The mean value for 2 I 9 of the women with values 
below 130 mg per 100 ml was 100.9 mg (Range 60-129), with a 
standard error of 3.8. Ten women had values above 130 mg. 
Nutrient Intake 
No significant correlations were found between the amount of pro-
tein in the diets of the women and the hemoglobin levels, or between 
the intake of other nutrients and the level of other blood constituents 
measured. In general, the women had intakes of nutrients that ex-
ceeded two-thirds of the National Academy of Sciences-National Re-
search Council recommended allowances. The nutrients most likely to 
be in short supply in their self-chosen diets were calcium, thiamine, 
and riboflavin. The lack of correlation between dietary intake and 
blood values is not surprising since the women were chosen to be sub-
jects on the basis of being in good health. 
SUMMARY 
The hemoglobin, red cell, total and differential leukocyte, serum 
protein, calcium, phosphorus and glucose values of the blood of several 
hundred healthy women 30 to 92 years in 6 North Central States were 
determined as one phase of a regional study of nutritional status. The 
mean, standard deviation and the 95 percent range (mean plus or 
minus two standard deviations), are shown in Table 18 for each con-
stituent measured. 
The values for these healthy women tend to be slightly lower than 
values given as standards in textbooks. Differences between age groups 
were not significant. 
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Table 18. Summary of means, standard deviation, and 95 percent range for blood 
va lues of wom en in 6 North Centra l States. 
Co n sti t11 e nt 
ll e rn ogl ob; n-grn pe r 100 m l 
R eel Ce lls-mi ll ion p er cmm 
Leukocytes-tho usa nds pe r cmm 
Differential - pe rcent 
Neut rophi ls-tota 1 
Segmented 
Ba nd 
Meta m ye locytes 
Lymphocytes 
Monocytes 
Eosi no ph i Is 
Basophils 
~erum prote in-gm per 100 ml 
Ca lciu m-mg per 100 m l 
P hosp horns-mg per 100 m I 
C lucose fast ing-mg per l 00 m 1 
i\ f ea 11 
J 3.3 
4.68 
6.40 
55.7 
48.9 
7.0 
" 
·" 37.4 
4.1 
2.3 
0.5 
6.7 
10.9 
3.7 
98 
Standard 
deviation 
o.:J5 
0.47 
1.64 
JO.OS 
10.46 
4.73 
l.24 
9.83 
3.71 
2.25 
0.63 
0.6 1 
l.73 
0.50 
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